| INTRODUCTION
In recent years, there has been increasing public health awareness of regional disparities in health outcomes. Using mortality data between 1985 and 2010 from the National Center for Health Statistics, one recent study found that zip code of residence is predictive of mortality or length of life. 1 One possible explanation is that worse health outcomes for lower socioeconomic (SE) status neighborhoods are due to poor health care access or lack of health insurance. [2] [3] [4] However, studies in different economically developed countries observed significant associations between neighborhood SE status and health outcomes, such as mortality and poor health status, despite universal health care coverage in those countries. [5] [6] [7] [8] [9] There have been several other studies in the United States which found a link between neighborhood-level SE disadvantages and morbidity and mortality independent of individual SE status. [10] [11] [12] None of these studies, however, accounted for level of insurance coverage or cost-sharing amount (eg, deductible amounts), which are important predictors of health care utilization and adverse health outcomes. 13 Prior research on adverse health outcomes and associated SE factors has been confounded by unmeasured differences in health insurance coverage, which can be associated with individual and local SE factors. 14, 15 For example, the RAND Health
Insurance Experiment demonstrated that an increased co-insurance amount was associated with a sizeable reduction in health care utilization reflected in physician visits, outpatient visits, prescription drug spending, dental care, and preventative health care, especially in low-income patients. 14 In this study, we were able to look at differences in outcomes associated with occupational low back pain (LBP) by assessing the benefits provided by Workers Compensation (WC) for one large insurer. WC benefits have the advantage of total and uniform coverage for all health care services for accepted claims for workrelated conditions, without cost-sharing. Thus, we were able to eliminate the influence of the type of health insurance coverage. WC also compensates for lost work time, providing 60-70% of lost wages depending on specific state laws, another outcome to evaluate in relation to SE factors.
Occupational LBP is an important public health problem which accounts for one third of all occupational musculoskeletal injuries and illnesses resulting in work disability. In the United States, the direct costs associated with work-related overexertion events (dominated by LBP) in 2013 were estimated to be $15 billion. 16 Uncomplicated LBP is a common condition in working-age populations where intensive interventions are rarely required and treatment guidelines are quite clear about the recommended course of care and expected recovery. 17 However, the vast majority of working-age LBP patients in the U.S.
receive too much testing and treatment for their LBP as compared to guideline recommendations. 18, 19 The objective of this study was to determine if SE characteristics of claimants' geographic context were associated with WC benefits including intensity of medical care (as reflected by medical expenses) and length of time absent from work for acute uncomplicated LBP, after controlling for individual and state characteristics.
2 | METHODS
| Study design and population
This study used a large WC administrative database from a single private insurer that represents about 10% of the U.S. private WC market. 20 The database has complete capture of individual medical and indemnity services provided to injured workers, and has been used for a number of national health services research studies. [21] [22] [23] The distribution of occupational injuries/disorders and overall medical costs is comparable to national occupational injury datasets, such as the Bureau of Labor Statistics (BLS) and the National Council on Compensation Insurance. 24 We selected cases that were injured over a period of 7 years 2002-2008 (inclusive) and were compensated for at least 1 day away from work. The study was approved by the New England Institutional Review Board.
To identify cases treated primarily for uncomplicated LBP, diagnoses associated with bills for medical services received in the first 15 days of seeking medical treatment were evaluated using diagnostic codes from the International Classification of Diseases, Ninth Edition (ICD-9) referring to LBP or non-specific back pain (Supplemental Table S1 ). The case identification and selection process utilized the primary (most common) diagnosis during this initial period of care, as well as the presence of any specific diagnoses inconsistent with uncomplicated LBP (indicating multiple trauma, severe injuries, and non-injury diagnoses such as infection, cancer, and autoimmune disease) for exclusions. The process and list of diagnosis described in detail elsewhere. 27 We censored the data at 1 year from LBP onset since most cases (93%) return to work within a year, and we wanted to avoid the impact of highly variable state polices that affect closure of long-term claims with lump sum settlements for work disability that often occur after 1 year. 28 LOD, calculated as the total number of lost work days represented by disability payments, was obtained using data on sequential payments for lost wage replacement (temporary total or temporary partial lost days) where each payment compensates a claimant for a defined period of time.
| Independent individual-level variables
Individual-level variables previously associated with medical costs and LOD (described in Table 1 ) known to impact medical cost and LOD. 25 Sources of data about neighborhood-level and state-level variables are presented in Table 2 .
| Statistical analysis
Descriptive statistics for LBP cases were calculated for individual level, were positively skewed and, thus, were transformed using the natural logarithm and log-linear models. 
| Associations of SE factors with LOD and medical costs
As shown in Table 4 , after adjusting for all statistically significant individual-level and state-level variables, state unemployment rate and neighborhood MHI were the only two neighborhood SE variables significantly associated with differences in LOD. Each 1% increase in the state unemployment rate was associated with an average of 0.4 day increase (95% CI 0.1, 0.7) in LOD. Figure 1 shows the average state unemployment rate in the U.S. (2002) (2003) (2004) (2005) (2006) (2007) (2008) . Figure 2 shows the adjusted association between state unemployment rate and LOD.
Overall, a decrease in neighborhood MHI by $10 000 was also associated with an average of 0.2 day increase (95% CI 0.1, 0.3) in LOD.
Controlling for all statistically significant individual-level and state-level variables, state unemployment rate and rate of disabled workers receiving SSDI had significant associations with medical costs.
An increase in state unemployment rate by 1% was associated with a $75 increase in mean of medical costs per case (95% CI $48, $104). Figure 3 shows the adjusted association between state unemployment rate and medical expenses. However, there was a decrease in mean medical costs per case by $237 (95% CI $168, $303) for each 1%
increase in the rate of disabled workers receiving SSDI. There were also significant but smaller associations between neighborhood SE variables and mean medical costs (Table 4 ). An increase in neighborhood MHI by $10 000 and increase in population with less than some college educational attainment by 1% were associated with an increase in mean medical costs per case by $48 (95% CI $33, $63) and $5 (95% CI $3, $6), respectively. Additionally, each 1% increase in neighborhood population classified as rural and "white" was associated with a decrease in mean medical costs per case by $2 (95% CI $1, $2) and $3 (95% CI $2, $3), respectively. As shown in Table 3 , examining randomness of neighborhood-level variables' effects on the outcomes showed that only MHI effects on LOD and medical costs varied significantly between states.
| DISCUSSION
This study has shown significant regional socioeconomic disparities in medical costs and LOD due to occupational LBP, even when multiple potential confounders are addressed, and health insurance type and access are mostly uniform. Living in a state with a higher unemployment rate and lower neighborhood MHI were associated with increased LOD. Living in a state with a higher unemployment rate and lower percentage of disabled workers on SSDI were related to higher medical costs (reflected by higher utilization of medical services). Additionally, living in a neighborhood with a higher MHI, higher percentage of residents with less than some college educational attainment, with an urban setting, or with minority status were all associated with higher medical costs. However, the observed effects of MHI on LOD and medical costs varied in magnitude and direction between states. Overall, the observed associations of LOD and medical costs with neighborhood SE characteristics may seem modest, but, in fact, their effects on LOD and medical costs become more important when considering the entire national neighborhood-level SE spectrum included in our sample (see Table 1 The observed associations of state and neighborhood SE characteristics with medical costs may suggest either regional differences in pricing of medical services or overutilization of potentially unnecessary medical services. Therefore, we conducted a sensitivity analysis using the total number of medical visits to any provider as an outcome variable, which showed similar associations in magnitude and direction to those presented in our original analysis (sensitivity analysis data are available on request).
Our findings of positive associations of state unemployment rate with medical costs and LOD are consistent with previous studies. 39, 40 An increase in the U.S. unemployment rate was associated with higher national averages for LOD across multiple conditions, 39 and higher medical costs. 47 Injured workers living in areas with poor economic conditions may find it difficult to get alternative suitable employment or obtain modified and less physically demanding duties; employers have less incentive to offer accommodations and, thus, have longer disability duration which in turn drives more health care utilization. 40, 47 Low area education may also be a surrogate for limited job and economic opportunities. Also, LBP might become more disabling due to higher levels of distress accompanying job insecurity in a context of high unemployment. 48 Medical costs were slightly higher in cases residing in neighborhoods characterized by higher percentages of racial and ethnic minorities and lower educational attainment without significant differences in LOD, suggesting potentially unnecessary services for these persons and less incentive to return to work. In medical care for occupational LBP, there is ample evidence that over-treatment, reflected by unnecessary services without additional improvement in LOD outcomes, is the main manifestation of poor quality care. 21, 49, 50 For example, one study showed that patients with occupational LBP had higher medical costs and similar LOD outcomes when they were managed by primary care providers than those patients without a primary care provider involvement. 49 Certain forms of care (such as chiropractic) associated with overtreatment are more common in populations with lower education and lower SES, and thus may account for the association with higher medical costs. More expensive and potentially unnecessary care is closely related to a higher occurrence of diagnostic testing and treatments that are not recommended by accepted evidence-based guidelines, 51, 52 which suggests lower quality care. 19, 53 Thus, total medical expenses served as a suitable proxy for quality of care in our study.
Living in a state with a higher percentage of disabled workers on SSDI was related to lower medical costs. A plausible explanation for this is that some workers with complicated LBP substitute WC benefits with SSDI when they develop permanent disability or their eligibility for WC benefits is declined. 54, 55 Overall, increased neighborhood MHI was associated with significantly lower LOD despite higher medical costs. This finding is consistent with other studies demonstrating that more affluent neighborhoods experience more favorable health outcomes 4 -and that this effect of affluence was greater than the negative effect of more intensive and potentially unnecessary medical care.
Medical costs for people living in more rural neighborhoods were slightly lower than medical costs for those living in more urban neighborhoods, with no significant difference in LOD. This suggests that, on average, rural populations might use fewer medical services without any negative impact on outcomes-consistent with results in other studies. 23 Another potential explanation for this is that rural populations may be more resilient and have more active lifestyles. 56 For example, one study of workers with occupational bone fractures showed that workers living in more rural zip codes had lower LOD than workers from urban zip codes. 36 
| Implications
After accounting for multiple potential confounders, this study has shown significant regional socioeconomic disparities in medical costs and LOD due to occupational LBP despite a mostly uniform health insurance type and access to medical care. These results suggest that even after implementation of "health care for all" important regional disparities in quality of care and outcomes in LOD may persist, unless the underlying economic and structural factors that affect quality of medical care and non-medical factors that affect recovery can be addressed. The combined influences of neighborhood and state SE characteristics on medical costs and LOD at a state and national levels are likely to remain high and not negligible as occupational LBP is highly prevalent. 57 This highlights the need for further research to uncover and understand causal pathways underlying these associations. Insurance. 24 Another unique strength is that the associations found in this study were independent of several very important individuallevel (eg, opioid prescribing) and state-level WC policy (eg, medical fee schedules) characteristics.
| Strengths and limitations
This study also has some limitations. Our administrative dataset had no information on clinically observed injury severity measured by, for example, functional limitations. However, using ICD-9 code to define injury severity, we found a significant relationship between "more severe" LBP and LOD. This result is consistent with the findings of a prior study that obtained more precise clinical information about injury severity using medical reports, and found that the ICD-9 severity designation correlated well with those found in medical reports in a similar dataset. 58 controlling for several important individual and state characteristics.
The findings suggest that state and neighborhood SE conditions are significant and independent contributors to healthcare costs and work disability outcomes, primarily for people living in disadvantaged neighborhoods. For clinicians, results suggest that local environmental context should be considered when evaluating risk for delayed return to work.
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